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Introduction 
 

The 6th International workshop on Semantic Business Process 
Management continues the tradition of previous workshops from this 
serial: collecting and discussing new semantic-based approaches and 
ideas for a more efficient BPM. This year the most important issue is the 
event-driven nature of business processes that introduces extreme agility 
in business, especially in the case of informal business processes. In other 
words, business processes are ready to sense and respond on different 
external and internal events and change the flow on the fly. This requires 
developing methods suitable for gathering events from the environments, 
including unique format for their description, efficient combination of 
these events and the presentation/visualization of results. Indeed, the topic 
is very promising, as this Gartner prediction says:  
 
By 2013, dynamic BPM will be an imperative for companies seeking 
process efficiencies in increasingly chaotic environments. 
 
 
IT organisations are striving to become better aligned with the demands 
placed on the business. Pressure to reduce the latency of change in 
business processes is driving a need for more dynamic and systematised 
measures. Adopting a more dynamic form of BPM, which focuses on 
enabling process changes to occur when and as needed will enable 
organisations to better respond to unanticipated change requirements in 
business processes, and to handle process changes more effectively. 
More than a half of papers are dealing with the different approaches for 
managing this dynamics in business processed by using semantic 
technologies. Rest of the papers is targeting the dynamicity from the 
modeling point of view (design time). Therefore, this workshop is a nice 
opportunity for exchanging ideas and starting new cooperation in this 
domain, as it was in the past. 
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Abstract. Existing knowledge of finished projects, such as documents, lessons 
learned or competences of project members, has to be reused to minimize 
project related shortcomings and to improve the quality of current project 
management. Our studies, conducted with 11 IT companies, reviewed the status 
of current project management practices and confirmed such failings. Thus, 
these shortcomings are represented as scenarios, which build the base for the 
project management ontology proposed in this paper. By incorporating 
semantic technologies to increase the quality of project management processes, 
our ontology includes concepts about projects, tasks, documents, persons and 
their competences as well as lessons learned. Our approach will be 
implemented and evaluated by means of a software prototype, where we extend 
the open source project management system ‘dotproject’ with the described 
ontology, semantic annotations and a semantic search function. 

Keywords: ontology, semantic project management, ontological engineering, 
knowledge base 

1   Introduction 

Despite the fact that project management (PM) is a practice realized in almost every 
company to achieve predefined project goals and constraints, PM systems still contain 
lots of shortcomings. Cerpa and Verner [3] identified the most common failure factors 
by analyzing 70 failed projects, such as management and time constraints or risks 
which were not adequately controlled. Emam and Koru [5] and the Standish Group 
[14] refer to a statistical overview of failures and identify a different set of factors, 
such as lacks of user input or executive support. 
   Another identified deficit is that most companies do not reuse existing knowledge of 
finished projects. In fact they do not archive information in a central and well-
structured storage [4]. In addition, current project management systems mainly 
support the ongoing phase and do not consider the initiating and closing phase of a 
project management life cycle. Honda et al. [11] define the most problems within IT 
projects during the initiating phase. Thus, project management systems are not 
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flexible enough to react, e.g., on lessons learned, which would increase ongoing 
projects within the PM life cycle. 

The PM life cycle consists of an initiating, an ongoing (planning, executing and 
monitoring & controlling) and a closing phase [12] (depicted in figure 1). While the 
initiating phase contains the definition of a new project or the composition of the 
project team, the closing phase includes the finalization of all project relevant 
activities and the archiving of all relevant project information. By contrast, the 
ongoing phase deals with, e.g., work packages including requirements, project 
execution and controlling costs.  

 

 
Fig. 1. PM’s life cycle [12]  

   Aim of our project SemProM – Semantic based Project Management - is to evaluate 
whether “semantic technologies could improve current project management 
processes”. Thus, an open source project management system will be enhanced with 
semantic technologies; more precisely a project management ontology, semantic 
annotations and a semantic search function. In addition, the stored information is 
semantically linked and archived in a central storage. The outcome is to obtain a 
semantic knowledge base to query project relevant information improving the project 
management life cycle (shown in figure 1). Thus, knowledge of closed projects can be 
used for the initiating or planning and executing phase of other projects. 

Our first assumption is that due to the use of semantic technologies knowledge of 
projects is easier detectable and can be retrieved for further projects. In addition, our 
second assumption states that the system is able to react on unforeseen circumstances 
such as ‘is there any other employee in my company with the same competencies like 
the ill project member to ensure a positive project progress?’. As mentioned above, 
due to the fact, available information is linked within the knowledge base, e.g., 
documents, employees and lessons learned, more precise search results can be 
achieved. Furthermore, by using the standardized exchange format RDF (Resource 
Description Framework), the interchange of relevant information gets simplified; for 
instance, to enable the connection to another system. 

In this paper we introduce on the one hand the engineering approach of the project 
management ontology and on the other hand a description of the PM ontology 
including its concepts and relations.  

This paper is structured as follows: Section 2 displays a short overview on the 
work steps of the project SemProM and the ‘Related Work’. The methodological 
approach concerning the ontology engineering method is depicted in section 3. 
Section 4 illustrates the ontology, its most important concepts and relations as well as 
the term definitions. The ‘Proof of Concept’ of the ontology is described in section 5. 
Conclusion and ‘Future Work’ are resumed in the last section. 
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2   Background  

The work steps within the project SemProM are handled as follows: First, to evaluate 
our research question, we conducted eleven face-to-face interviews with IT 
companies to identify the strengths and weaknesses of current PM solutions with the 
main results [4]: Companies miss a central, well-structured and accessible storage; 
Project managers and members miss an up-to-date cockpit of ongoing projects, 
including all relevant project items, e.g., milestones and costs; and, most of the 
companies do not reuse knowledge of finished projects to improve ongoing and 
further ones. 

We decided to follow a qualitative approach by using a questionnaire with 27 
questions. A detailed description of the interviews and their results is given in the 
paper Dippelreiter et al. [4].  

Second, based on these outcomes, we specified scenarios, which cover these 
results. For instance, one scenario named “team suggestions” deals with recovering of 
finished project knowledge of team work and collaboration of project members. 
Third, to tackle the identified outcomes, we implemented a PM ontology containing 
information regarding projects, documents (information), persons, competences and 
lessons learned. Fourth, a software prototype enhanced with semantic technologies 
will be implemented. And fifth, the evaluation of our research question will be 
accomplished by means of the prototype. 

While developing the PM ontology a literature review regarding already existing 
ontologies was done. For our purpose the main focus lies on project management and 
date and time ontologies. Thus, e.g., the PROMONT ontology [1] formalizes the 
typical elements for project structuring. The further development of this ontology, 
divided into a project and product ontology, was done as PR²ONTO in the project 
PERMETER [8]. Due to the fact that PROMONT covers different project 
management specifications, especially the DIN 69901 [1] it is too general for our 
purpose, identified by the scenarios. Regardless, we looked closely to the PROMONT 
ontology and used, e.g., the properties time and responsible person. 

In addition, the Semantic MediaWiki [9] has to be mentioned as well. This Wiki 
contains a project management ontology and provides the collaborative knowledge 
management. Contrary to PROMONT it fits to certain requirements concerning the 
scenarios. For instance, properties regarding planned and actual start dates or the 
concept structure of Resource and Person (Person is a subclass of Resource). 

Other ontologies, which influenced our building approach, are included in the 
Semantic Desktop Gnowsis [13], especially date and time. During the implementation 
process of the PM ontology we realized that a specific date and time ontology is not 
needed. For our purpose just date and time properties related to tasks are sufficient. 

Due to the fact we categorized the competence part of our ontology only in a first 
structure, we identified the categorization of [10]. For further development 
competence ontologies, like the ontology of Biesalski [2], can be used.  
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3   Methodological Approach 

A literature study regarding the ontological engineering approach shows Gomez-
Perez et al. [6] giving an overview of methods for building ontologies. The most 
important ones, which influenced our ontological engineering approach, are Uschold 
and King [15] and Grüninger and Fox [7].  

For the implementation of our ontology, we used a mix of both approaches. While 
the engineering approach of Uschold and King [15] is more related to modeling and 
building up an ontology within a special domain, Grüninger and Fox [7] use a more 
formal and technical approach which is query centered. By merging both approaches, 
we obtain a detailed documentation of the ontology, its concepts, properties and 
relations, its term definitions and an illustration how to extend the ontology. In 
addition, scenarios are used as ontology requirements as well as for the evaluation of 
the prototype. Beyond that informal and formal competency questions specify the 
ontology in more detail and simplify the implementation of the prototype.  

 

 
Fig. 2. SemProM’s ontological engineering approach 

Depicted in figure 2, our engineering approach contains the following steps in 
detail: 

1. Identify purpose: The ontology will cover current PM problems; e.g., 
relations between tasks, their needed competences, project members and 
lessons learned 

2. Motivating scenarios: We identified three scenarios, which deal with 
current weaknesses of project management solutions. They describe both, 
the requirements of the ontology as well as possible solution processes.  

3. Informal competency questions: These questions, derived from the 
scenarios, are natural language questions. They will be answered by 
querying the formal questions testing the prototype. 

4. Building the ontology & terminology: Based on the scenario 
requirements and the informal competency questions we identified the 
ontology concepts, properties and relations and their term definitions.  

5. Formal competency questions & Evaluation: To write the competency 
questions in a formal way, we used SPARQL, an RDF query language. In 
addition, to evaluate our ontology we simulate the scenarios by using the 
prototype and querying the questions. 
To evaluate our ontology we reviewed the consistency by using the 
consistency check of our used ontology editor TopBraid1, the Website 
consVISor2

                                                           
1 TopBraid Composer - http://www.topquadrant.com/products/TB_Composer.html 

 (a tool for checking the consistency of OWL ontologies) and 

2 consVISor - http://173.14.188.57:8080/consvisor/ 
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the W3C Validation Service3

6. Documentation: To keep track of the ontology, we documented the 
concepts, properties and relations and their term definitions. In addition, 
the modularity of the ontology and the interfaces are described. Thus, the 
ontology is easily extendable and can be used for any other project 
management system. 

. The main evaluation will be accomplished 
by testing the prototype with the predefined scenarios. 

4   Ontology & Terminology  

This section describes the main structure of the developed PM ontology including the 
most important examples of concepts and relations, depicted in figure 3.  

As already mentioned, during the implementation process of the ontology we 
attempt to cover shortcomings of current PM solutions within the field of IT. As a 
result, the PM ontology deals with the necessary domains of projects, tasks, persons, 
competences, information and lessons learned and their relations. For instance, the 
relation between persons, tasks, function and competences plays an important role. 
Likewise lessons learned concerning any topic related to a task. Due to the 
requirements are resulting out of the scenarios, it was possible to restrict the domains 
covered by the ontology. But if new scenarios have to be handled by the PM 
ontology, it can easily be extended and adapted. 

To start the explanation of figure 3, first the terms of the individual concepts are 
defined; followed by an explanation of the relations between them. 

Task: A task can contain several sub-tasks. The task, which is no sub-task of 
another task can be identified as project; while sub-tasks can be termed as work 
packages, deliverables or tasks. Each task is related to a person, who is responsible for 
the task. In addition, the task is related to at least one function, which describes the 
activities within that task. To each function at least one person is related. Thus, the 
relation between task, function and person is handled. 

Person: A person is any employee. A person can be assigned to a task and within 
the task to an activity. In addition, a person works well with another person and has 
several competences. 

Information: The concept Information contains any kind of project relevant 
documents; e.g., project plan or documentation of a software module. 

Competences: The concept Competences contains any kind of competences of 
a person or a task. The classification is as follows: methodological competence, 
professional competence, personal competence and social competence. 
MethodologicalCompetence is the qualification to use specific learn and 

working methods. While PersonalCompetence is, for instance, accuracy or to 
work under pressure. In the PM ontology the concept 
ProfessionalCompetence contains competences in the field of IT. But if 
necessary, any other domain can be added. The last sub-concept 
SocialCompetence includes social, emotional and intellectual skills.  

                                                           
3 W3C Validation Service - http://www.w3.org/RDF/Validator/ 

5



LessonsLearned: LessonsLearned is any kind of information of experiences 
or hints aggregated during an existing project, e.g. a bad team composition or 
problems during a development process, which helps to improve further projects. 
Function_Relation: This concept is sort of a utility class. It enables the relation 
between the concepts Task, Person and Function. A task implies some 
functions/activities, which will be assigned to at least one person. 

Function: The concept Function implies the activity within a task. Each task 
requires one or even more fields of duties.  

 

 
Fig. 3. Main concepts and their relations of the project management ontology 

According to the term definitions, the most relevant relations between the concepts 
can be explained as follows: 

A task is able to contain sub-tasks (hasSubTask). This implies a hierarchical 
structuring of a project/task into smaller working areas. If a task depends to another 
task it can be a successor (isSuccessorOf) or a predecessor 
(isPredecessorOf) of a task. In addition, a task has a person, who is responsible 
for it (hasPersonInCharge, inverse of isResponsibleFor). Furthermore, a 
task includes several documents (Information; includes, inverse of 
belongsTo) and implies lessons learned (hasLessonsLearned). To implement 
each task, the task assumes competences, which have to be fulfilled by persons. In 
addition, a task has a function, which will be accomplished by a person 
(Function_Relation). Moreover, the function requires competences. 

Additionally, a person is able to create (isCreatorOf, inverse of 
hasCreator) and upload (uploads, inverse of hasUploader) documents. 
These may also be related to other ones (hasRelatedInformation).  

By itself the ontology shall not be considered as finished. Although, it covers all 
necessary aspects of our scenarios. It can be rated as foundation for further work. 
Thus, the individual parts, for instance, competences and lessons learned, can be 
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easily extended.  For instance, a project management system within the domain of 
architecture is needed, the ontology can easily be enhanced with the structuring of 
professional knowledge of, e.g., architecture.  

5   Proof of Concept  

In order to evaluate the PM ontology and in further consequence to answer the 
question whether “semantic technologies could improve current project management 
processes” a prototype consisting of the open source project management system 
dotproject (http://www.dotproject.net), a mysql database and the PM ontology is 
implemented.  
   To evaluate our research question, the scenarios had to be implemented as well. 
Therefore, the preliminary work was the input of instances as well as the definition of 
the criteria catalog deduced from the scenarios. The foundation instantiation of the 
PM knowledge base was done manually by using the user interface of the prototype. 
Next step will be the testing of our prototype by going through the criteria catalog. 
Our test persons will be project managers working within the domain of IT. During 
the test runs, test protocols including topics such as handling, scenario processes and 
notions will be created. By means of the test results, the research questions will be 
evaluated. 

Primary objective of this proof of concept is geared towards the evaluation of our 
research question. In further work an automation of data input into the knowledge 
base is planned. 

6   Conclusion and Future Work 

In this paper we outlined the project management ontology elaborated within the 
project SemProM, which contains concepts, relations and properties of projects, tasks, 
persons, competences, documents and lessons learned. Scenarios, which reflect the 
requirements of the ontology, are the basis of the PM ontology. These scenarios cover 
shortcomings, conducted by interviews with project managers of 11 IT companies 
concerning their project management solutions.  

In addition, an in-depth study of existing project management and time/date 
ontologies was carried out. Based on our required needs we decided to implement an 
individual PM ontology due to the fact that the evaluated ones are partially too 
general for our purpose. Relating the ontology engineering approach we discussed 
Uschold and King [15] and Grüninger and Fox [7]. As a result, we combined both 
approaches. While giving an overview of the main structure of the PM ontology, term 
definitions of the concepts and the relations between the concepts were explained.  

The next steps of this project are the implementation of the software prototype and 
the evaluation applied on the predefined scenarios. The assumptions are: Providing an 
effective storage and linkage of project relevant knowledge within a central semantic 
knowledge base as well as an efficient semantic search through the stored knowledge 
to improve the initiating and closing phase of the project management life cycle. In 
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addition, a kind of cockpit that provides an overview of all projects relevant 
information is enabled. 
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Abstract.  This paper proposes a framework and an implementation for pro­
active information resource delivery, based on knowledge processes. We focus 
on providing a light­weight implementation and deployment scenario resulting 
in a desktop application that presents a ranked list  of information resources, 
such as documents, web sites or e­mail messages, that are considered to be most 
relevant in that point in time. Evaluation on several event, action and process 
models suggests that defining actions based on clustering of events yields the 
best recommendations.

Keywords: Process modeling, Information delivery, Clustering, Action mining, 
Process mining

1   Introduction

Given the scenario of knowledge workers in an enterprise whose workflows consist of 
accessing various resources, such as web pages, documents and e­mail messages, we 
propose a prototype for process­based prediction and its implementation. The premise 
of this work is that we can learn a model from patterns of events within the usage 
these patterns, which we refer to as the knowledge process model, and use the learned 
model   in   a   way   that   would   streamline   the   workflow   by   suggesting   information 
resources to the user before he needs to retrieve them [10]. For the purpose of this 
paper,  we  use   the   term  knowledge  process  model,  which  corresponds   to  a   set  of 
patterns that describe how a knowledge worker is using various information resources 
[1]. We construct the knowledge process model by learning from existing event logs 
under the assumption that the event logs are generated by an underlying knowledge 
process model. 

We capture these events in an on­line fashion through workspace instrumentation 
and   logging   infrastructure.  For   example,   the   events  consist  of  accesses  of   search 
engines and web sites, documents on the desktop and usage of e­mail. We use the 
resulting event stream to both learn knowledge process models from usage patterns, 
as well as react with suggestions for information resources given live data, which we 
distill   to   contain   three   basic   components:   text,   social   network,   and   time.   The 
implementation suggests   information resources   that  are considered   to be  the most 
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relevant in that point in time, according to the knowledge process model learned from 
users' previous behaviour.  

We  decompose   the  problem   into   subproblems   that   form  a  knowledge   process  
framework that enables us to consider process mining on top of primitive events. We 
outline   various  event,  action  and  process  models   that   fit   various   scenarios   and 
patterns that we have encountered in our experiments. The event models' role is to fit 
sequences of primitive events with various flavors of content, semantics and social 
network information and encode them into feature vectors. The  action models  take 
these  sequences  of   feature  vectors  and   transform them into  sequences  of  actions, 
which can them be processed by  process models  to act as predictors of most likely 
future   actions,   from   which   we   can   then   apply   a   ranking   on   a   candidate   set   of 
information   resources   which   have   the   same   type   of   representation   as   individual 
events. 

2   Related Work

Process mining is often used to uncover dependencies, control flows and patterns in a 
given business process execution log, encoding the model in eEPC diagrams or Petri 
nets [2].  Whereas these sort of approaches were built for the purpose of discovering  
process knowledge that enabled organization optimization, we are targeting the use 
case   of   pro­active   information   delivery.   As   presented   in   Holz   et   al.   [3],   such 
approaches mainly vary in two dimensions: process support and information delivery, 
meaning that some information delivery approaches work on top processes ranging 
from ad­hoc to strictly­structured, and having from light­ to heavy­weight information 
delivery mechanisms. In our domain, having light­weight modeling is important to 
simplify  deployment  and  adaptation.  Our  design  goal   is   to  maximize   information 
delivery   performance   while   learning   from   usage   logs   alone.   Besides   enterprise 
knowledge   processes,   systems   that   learn   while   monitoring   were   also   proven 
successful in the e­learning domain [4] with work­integrated learning [5]. 

3   Knowledge process model framework

We have designed and implemented a framework for prediction on top of knowledge 
processes that solve our issues that we have encountered with designing prediction 
use  cases  with  classic  process  mining models.   In  our experience,  process  mining 
expects well­defined atomic actions as its input ­ which is a requirement which may 
not be easily satisfied in some domains, such as most knowledge work [6]. The data  
that  we  are  dealing  with   is   a   natural   example  of   the   TNT  (text,   network,   time) 
framework [8]: the data points are events carring temporal information, content and a 
social network component. To fit into that model, use a framework that is designed to 
handle that situation with to support process mining with semi­structured data [7].

10



We decompose the information delivery problem in knowledge processes into a 
framework with three separate subproblems, each solveable with multiple approaches. 
To better illustrate the design decision behind the three distinct steps, let us start from 
the final step: the  process model. In business process modeling, a process model is 
composed describes patterns of atomic actions and can be instantiated as a sequence 
of  actions.  A process  mining model  maps from an action history  to a probability 
distribution across possible following actions. We also need to transform the TNT 
events to actions ­ an action model. However, directly constructing an action model to 
map from TNT events to process actions is not always possible nor practical, since 
the   content   within   the   events   may  not   have   the   same  properties   across   different 
domains. For this purpose we define the  event model, which represents the feature 
construction phase from the raw TNT events. 

The prediction scenario uses all of these three steps in the following setting: given  
a user's history of TNT events and possible resources that will be used, transform both 
the history and the future candidates  into actions.  Next,  use the process  model  to 
evaluate each candidate's  probability of appearing given the observed history. This 
information is then used in evaluation as a ranking score for information resources.

3.1 Input data

TNT   events   may   contain   the   information   on   the   actor,   textual   content,   social 
network information, event metadata and the time of execution. We partition the log 
of events into sessions, which represent  instances of knowledge process executions.

3.2 Feature construction with event models

A vector space event model is represents the TNT event as a vector of features, 
derived from the event's   text,  social  network and metadata.  This   representation   is 
richer and allows the use of machine learning techniques, appropriate for vector­space 
data. For text­derived features, we apply a TF­IDF weighing scheme.

This model can be extended by also encoding the information from neighbouring 
events. The sequential addition to the simple vector space event model enables event 
representations that captures some session information, resulting in a session vector 
space   model, which takes into account the positioning, but only the fact that a step 
has been executed in the same session within a scope, regardless of order.

3.3   Action models

From  this   point   on,   we   only   consider   documents   as   feature   vectors   and   pay   no 
attention to the nature of the features themselves. However, as basic process models 
still map from a space of action­to­action transitions to conditional probabilities, we 
still need to map sequences of documents into sequences of actions. 
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Independent feature actions. There are several ways to avoid high dimensionality 
of actions: one is to treat event features independent and consider them as individual  
actions   themselves.   However,   this   leads   us   to   an   issue   where   we   have   multiple 
possible actions per event, which we need to somehow interpret.  We solve this in the 
following fashion: given a pair of consecutive event vectors, consider at each possible 
feature pairing from these two vectors as a potential sequence. For instance, given a 
sequence of two consecutive events d1 = {a = 0.7, b = 0.7} and d2 = {x = 0.7, y =  
0.7},  we translate this  to action sequences of two consecutive actions:  (a,x),  (b,x), 
(a,y)  and  (b,y).   In   other   words,   each   of   these   action   sequences   is   a   possible 
interpretation of (d1,d2) in this action model. The consequence of this is that for some 
concrete  dataset,   the   feature   space  of   events   is   the   same as   the   feature   space  of 
actions. This is one way to model the fact that an event may have many features. The 
trade­off   that   this   model   provides   is   that   we   keep   the   space   of   possible   actions 
reasonably   low­dimensional,  but  assumes conditional  independence of   features.   In 
this model, multiple actions may represent a single event. To resolve this, we choose 
the most likely interpretation.

Clustering­based actions. As has been suggested in [6], one way to define actions 
is by performing various types of clustering on the event feature vectors. We have 
also examined the effect of the  k parameter in k­means clustering on the predictive 
power of the model, demonstrating that it is possible to define clusters of events as 
actions and still retain good perplexity [7].  This model allows us to precisely control  
the dimensionality of  the action space by varying the  k  parameter.  Upon mapping 
events   into  actions,  we  classify   the new set  of  events   into  actions  via a  centroid 
classifier.

3.4   Process models

The core of the framework are the process models. They estimate the probability 
that a certain action will take place conditioned by the last couple of observed actions. 
There   are   several   aspects   of   process   models   that   we   can   also   consider   when 
developing a forecasting solution.

Smoothing of the process model is necessary because sparseness of data is a real  
problem. The reason for that is in order to successfully compute a probability of a  
sequence, none of the sub­sequence probabilities must turn out to be zero. However,  
if there is no evidence for a particular action following a particular sequence, it does 
not mean that   that  sequence will  also not occur in test  data.  For that  purpose we 
employ Laplace smoothing. 

Even though the framework allows any possible combination of event, action and 
process models, some combinations yield better results than others. It is also worth 
explicitly   noting   that   this   framework   enables   two   different   ways   to   encode 
dependencies in the knowledge process: either via features in sequential­ and session­
based  event  models,   or   explicitly  within   the   core  process  model.  We allow both 
scenarios, since interesting dependencies might exist either on the level of individual 
features, or between actions, having a higher level of abstraction.
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4   Implementation

We have implemented prediction that fits into the desktop environment of knowledge 
workers.  The scenario   is   the   following:   imagine  a  desktop  widget   that   tracks   the 
current   state  of   the  user's  workspace  with  most   recently  accessed   resources.  The 
widget itself is rendered as a ranked list of information objects that are considered 
most relevant for the user. We use the following semantic properties as features for 
individual   events:   bag­of­words   of   document   content,   social   roles   of   participants 
(inside   vs.   outside   of   organization,   manager,   developer,   researcher,   private   vs. 
multiple people, single vs. multiple organizations) and event metadata (type of event, 
type of media).

Multiple criteria are used to ensure redundancy for cases where the user is not in 
any context or the user has just started his session and does not have any recently 
accessed resources. To use the knowledge process infrastructure as a recommender 
system, we combine the following criteria for ranking:

 The probability of the candidate information resource di  given the history: 
P(di|dhist 0..., dhist j);

 The similarity of   the candidate  information resource  to  the most  recently 
observed information resource: sim(di,dhist j);

The   implemented   front­end   is   a   simple  graphical  user   interface,  displaying  an 
ordered list of most probable information objects given the current state of the user, as 
shown in Figure. Given the live events coming from the monitoring infrastructure, the 
information delivery framework converts these events into feature vector documents 
and   then   action   sequences   which   represent   the   history.   Then,   it   selects   a   set   of 
possible interesting information resources with standard text retrieval techniques and 
evaluates   the   probability   of   each   known   information   object   given   the   observed 
history.

Fig.  1.  Examples   of   recommendations   for   various   situations     in   the   knowledge 
process
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Figure 1 shows some examples of recommendations, offered by the service. The 
first image shows the state of the recommender after reading a documentation of a 
back­end system for process mining, which is reflected by similar content types being 
offered.  The second  image demonstrates  another  point   in   the  knowledge process, 
showing   recommendations   after   opening   a   technical   presentation   on   machine 
learning. It offers various related documents, as well as web sites that might contain 
useful information in that situation. 

5   Experiments

In our experiments, we have performed evaluation by constructing combinations of 
models with one set of data and evaluating them with another subset using ten­fold 
cross­validation to account for generalization error: we ran the experiment ten times, 
using nine partitions as training data and the remaining one as a test dataset. Given 
this   setup,   we   can   observe   several   evaluation   metrics,   relevant   to   evaluation   of 
models. 

We evaluated various knowledge process model configurations by measuring how 
high do they rank the actual events in the test set. In order to conduct this experiment,  
we simulate the prediction behaviour by querying the system with partial sequences to 
which we already know the correct TNT event that will follow and then check how 
high does that particular event rank in the prediction output. In other words, we are 
measuring how well can this system predict the actual workflow. We then report the 
average reciprocal rank for a particular combination of models and average number of 
predictions that score in the top 20, which are the key indicators in our experiment.

Since we don't expect the process model alone to produce a good ranking by itself, 
we run it in combination with a baseline: we have chosen the similarity between the 
most recent document and the candidate document for that purpose. We merge the 
two   rankings   by   multiplying   the   similarity   with   a   probability   coefficient   of   the 
candidate.   This   is  done   in  order   to   see   whether  having  a   process  model   can  be 
approximated by just biasing the ranking towards resources, more similar to the last 
accessed   resource.   The   intuition   behind   this   using   the   context   model   is   when   a 
knowledge worker is working in a context, we assume that the resources, belonging to 
a context, tend to be similar to one another. 

 We have evaluated on the knowledge worker logs. Since the TNT events have no 
pre­defined actions, we use the vector space event models –  IDF  and  SessionIDF. 
They all use the TF­IDF weighing scheme for features, but differ in the way that the 
features   are  generated:  whereas  IDF  contains  only   the   features   from a  particular 
event,  SessionIDF  also   encodes   between   the   features   of   the   events   in   the   same 
session.   Since   we   are   using   feature   vectors   representations   which   tend   to   have 
multiple   features,   this   means   that   in   order   to   generate   a   manageable   number   of 
distinct actions, the action model can not be an identity, but one either Independent or 
Clustered. For process models, we experimented on either using an identity transform 
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which assumes uniform processes as a baseline or a bi­gram Markov model model 
with Laplace smoothing.

Table 1.  Experiment results with various combinations of event, action and process models for 
the desktop use case. 

Event Model Action Model Process Model Reciprocal rank Percentage in top 20
IDF Independent Independent 0.0612  0.2220
IDF Independent Laplace 0.0803 0.2377
IDF Clustered:10 Independent 0.0794  0.2697
IDF Clustered:10 Laplace 0.1076  0.3485
IDF Clustered:30 Independent 0.0853 0.3081
IDF Clustered:30 Laplace 0.0797  0.2490
SessionIDF Independent Independent 0.0774  0.2895
SessionIDF Independent Laplace 0.0750  0.2674
SessionIDF Clustered:10 Independent 0.0756  0.2807
SessionIDF Clustered:10 Laplace 0.0701  0.2384
SessionIDF Clustered:30 Independent 0.0832  0.3013
SessionIDF Clustered:30 Laplace 0.0874  0.3051

We have ran the experiments on the dataset, gathered in two separate two­month time 
periods,   totaling  31882 events.  Here,   the  events  consist   of  web browsing  events, 
editing of Microsoft Office documents and working with e­mail. Results, shown in 
Table 1, show the following:  best performing configuration is the one with plain TF­
IDF features of events, defining a clustered action model with few distinct clusters as 
actions and a process model with Laplace smoothing. The difference here is that in 
this case, we were able to better capture sequential dependencies on the action model 
level by the process model, rather than encodinng the dependencies into the features 
themselves, suggesting that the underlying process is relatively simple. This could be 
explained by the fact   that   the Accenture dataset  was generated by several   tens of 
thousands of different users in various roles, whereas the BT dataset was generated by 
three users. All in all, we are able to place the correct information resource in the top­
20 list roughly on over one third of occasions.   

6   Conclusion

An important take­home lesson is that many of the issues in process mining lie in 
transforming the input data into well­defined actions. By developing a framework that 
integrates   the  data   transformation   steps  within   the  mining  process   itself,  we   can 
simultaneously solve the issue of transforming events into atomic actions, as well as 
learning process models, reducing the preprocessing requirements for implementing a 
predictive application. We have discovered that encoding the dependency patterns in 
the feature vectors rather is a valid approach, showing significant improvement from 
the baseline. However,  our use case shows that encoding the dependencies on the 
level of actions and not features works even better. Choosing whether encoding the 
dependencies via features or via process models depends on the granularity of the 
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underlying knowledge process model. When we wish to model on a lower level of 
abstraction, using feature dependencies can be sufficient. When the patterns can not 
be   easily   expressed   on   the   level   of   features,   modeling   dependencies   via   process 
models can also yield acceptable performance. 

Implementation­wise, we have succeeded in producing a simple user interface that 
does not require that the user interacts with it in any special way to train it, lowering 
the barrier to usage. For our future work, the clustering­based action definition will  
include using a complex graph representation  of data so that we can avoid flattening 
the   semantic   network   structure   into   event     features.   To   take   advantage   of   the 
structural   information  and   to   correctly  handle     differences   in  distributions   across 
people, events and resources, present in the   multi­relational representation, we will 
need to employ multi­relational clustering  algorithms which are able to handle such 
datasets.  We will also experiment in applying this model in other specific knowledge 
worker   domains,   focusing   on   supporting   multiple   knowledge   workers   with 
personalized models.
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Abstract. The increase that sensor network deployments are experi-
encing makes them one of the fastest growing sources of data nowadays.
They allow live and in-situ data capture and provide high volumes of
information about the real world that surrounds us. However their het-
erogeneity and error-proneness make them hard to use, as we normally
require lots of details of each one before their measurements can be com-
bined. We present an ontology-based approach for querying live sensor
data observations, enriched with semantic metadata. The metadata is
used in two scenarios: (i) for adding contextual (provenance) informa-
tion to the sensor observations, such as which sensor recorded what,
where, when, and in which conditions; and (ii) to help users filter sensor
data in their queries. We provide automatic query translation and join
of sensor data and metadata, using mappings of the underlying sensor
schemas to semantically annotate sensor observations as a new type of
metadata. With this approach we can express queries in terms of a high
level sensor network ontology, using an extended version of the SPARQL
query language that considers window constructs.
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Abstract. In this paper, we present the conceptual architecture of a highly 
scalable federated platform for processing vast number of events coming from 
distributed sources, in order to detect interesting situations that lead to service 
adaptation recommendations. The approach presents an Event Marketplace, a 
platform for mediating between event providers and (complex) event 
consumers in very large and heterogeneous environments which is enriched 
with timely reaction capabilities, through situational-driven service adaptations. 
We focus on an approach for detecting real-time interesting situations that lead 
to service adaptations.     

Keywords: Event Marketplace, Distributed Systems, Service Adaptation 

1   Introduction 

Adaptation as one of the basic phenomena of biology is the evolutionary process 
whereby a population becomes better suited to its habitat [1],[2]. The notion of 
adaptation has been extensively used, especially nowadays, in the computer science 
domain. It is considered as one of the most desired functionalities of today’s highly 
dynamic, distributed and ubiquitous environments in the service-oriented setting. The 
need for highly flexible services that can be orchestrated in order to provide certain 
behaviors and at the same are able to react and adapt inside their “habitat” (i.e. change 
based on the context and events that formulate the imprinting of a highly dynamic 
service environment), is considered to be a desired but difficult to achieve fact.      

The recent expansion of the “everywhere” deployment of the wireless sensors 
networks (part of the Internet of Things) introduces the information from stationary or 
moving objects in the global service adaptation task. Let us consider the following 
scenario as an example of ubiquitous interaction between services resulting in a more 
personalized and adapted service execution: 

“Paul is a businessman who has been flying from Paris to New York. He used the 
entertainment service on board, but hasn’t finished watching the movie before the 
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landing. Two hours later he is entering his room in the downtown hotel he booked 
earlier and wow: the room entertainment service is ready to play the movie Paul was 
watching in the plane – of course only the unfinished part.” Such a scenario involves 
the ubiquitous interaction between services, the processing of dispersed events and 
the actual adaptation of service execution in a way that satisfies the customer. All 
these constitute multidimensional problems. Let us name just a few challenges. First 
of all, such an interaction cannot be modeled in the design time, since it is not 
possible to predict all interesting interactions in advance. Secondly, a common 
understanding between different actors in a heterogeneous environment is requested. 
Next, it is challenging to ensure a proper (on time, complete and relevant) delivery of 
interesting information in a large scale distributed environment. 

In this paper we present the concept and the architecture of a platform that can 
satisfy these requirements (section 2). The platform uses its cloud-computing nature 
to be “elastic” and operate in the “pay as you go” mode. We can consider the platform 
as a kind of the Event marketplace (similar to the notion of the service marketplace) 
where events coming from different producers can be arbitrary combined by different 
event consumers. In addition, we focus and give details about a core part of this 
platform that recommends changes (adaptations) of services’ configurations, 
composition or workflows, in order to overcome problems and achieve higher 
performance by reacting to real time events (i.e. formulating an interesting situation) 
at the right time and in the right way (section 3). In section 4, we present the related 
work of our approach, whereas section 5 contains concluding remarks. 

2   Proposed Conceptual Architecture 

The initial conceptual architecture for our platform is depicted in Figure 1. In this 
section we introduce the components and present their main functionalities. 

The Distributed Service Bus (DSB) provides the service oriented architecture 
(SOA) and event driven architecture (EDA) infrastructure for components and end 
user services. It acts as the basis for service deployments, and processes (BPEL, 
BPMN), routing synchronous and asynchronous messages from services consumers to 
service providers. Based on the principles of the system integration paradigm of 
Enterprise Service Bus the DSB is distributed by nature. 

The Governance component allows users to get information about services and 
events, as well as specifying QoS requirements as service level agreement (SLA) 
contracts using the WS-Agreement standard [3]. The Governance component extends 
a standard Service-based governance tool (OW2 Petals Master [4]) by adding 
governance mechanisms for event-based systems. Its role is to provide ways to govern 
services and events.  It provides standards-based APIs and a graphical user interface. 

The Event Cloud provides storage and forwarding of events. The role of the Event 
Cloud is a unified API for events, real-time or historic. To that end, it contains a peer-
to-peer network to store histories of events durably in a distributed fashion. In the 
same way the list of subscribers is distributed across the peers to notify subscribers if 
a given new event is stored at any node and a corresponding matching subscription 
exists in the system. Subscriptions may use a simple set of operators such as 
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conjunctive queries which can be evaluated efficiently on a single peer. More 
complex queries are executed in the DCEP component.  

The DCEP component (Distributed Complex Event Processing) has the role of 
detecting complex events and reasoning over events by means of event patterns 
defined in logic rules. To detect complex events, DCEP subscribes to the Event Cloud 
for any simple event defined in the event patterns at a given point in time. DCEP 
supports traditional event operators such as sequence, concurrent conjunction, 
disjunction, negation etc., all operators from Allen's interval algebra [5] (e.g., during, 
meets, starts, finishes etc.), window operators, filtering, enrichment, projection, 
translation, and multiplication. Out-of-order event processing is supported (e.g. events 
that are delayed due to different circumstances such as network anomalies). 
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Fig. 1. Conceptual Architecture 

The Platform Services component incorporates several functional additions to the 
platform as a whole. The Query Dispatcher has the role of decomposing and 
deploying user subscriptions in pieces supported by the Event Cloud and DCEP 
respectively, taking into account the expressivity supported by the two target 
components. The Event Metadata component stores information about events, such as 
source descriptions, event type schemas, etc, to enable the discovery of relevant 
events for an event consumer and to provide data to the subscription recommender. 
The ESR and SAR components form the Event Subscription Recommender (ESR) 
and Service Adaptation Recommender (SAR). ESR will recommend or perform 
dynamic subscriptions for complex events based on situations detected from 
semantic-enabled events and the context of subscribed services. Thus, ESR will 
provide assistance to services that will have the option to be subscribed to specific 
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events at the “right time” without the services having complete knowledge about the 
supply in the marketplace at a given time. SAR is thoroughly discussed in the next 
section of this paper.  

3   Service Adaptation Recommender (SAR) 

The objective of SAR is to suggest service administrators, changes (adaptations) of 
their services’ configurations, composition or workflows, in order to overcome 
problems or achieve higher performance. Based on recognized situations, SAR will be 
able to define adaptation pointcuts (points in a service flow that need to be adapted as 
a reaction to a certain situation) and advices (what to adapt and how based on a 
number of service adaptation strategies). In this section, we present technical 
requirements that apply for Service Adaptation Recommender (SAR) software 
component along with its initial conceptual view (figures 2 and 3).  

One of the basic capabilities SAR feature is the situation awareness and detection 
functionality. This corresponds to the ability to sense situations relevant to service 
objectives and operation and the ability to track transitions between situations, by 
processing events and contextual service information. We consider complex events, 
detected in real time, as a way to signify situations that may require adaptation and we 
plan to enrich them with contextual information for defining dynamically what 
modifications are needed. Based on situational awareness module, SAR will be able 
to make intelligent recommendations for service adaptations (figure 2). It will 
improve service performance by detecting problems that need to be resolved (e.g. 
underperforming services, or suboptimal service workflows for the given situation) 
and by providing adaptation advices to be implemented in the appropriate workflow 
places (e.g. service tasks that need reordering, alteration or substitution etc.).  

We have defined some general requirements that apply here. Firstly, it is important 
that SAR will be able to register for simple events as well as for complex events that 
carry combined information (e.g. the last 20 minutes, there is a 5% radiation 
increase). Both simple and complex events need to carry semantics that will allow 
further processing and reasoning. The federated middleware of our platform must also 
guarantee that SAR will receive all events that they have been subscribed to. Failure 
to deliver an event to SAR may lead to the non-detection of a new situation. For 
reasoning purposes domain knowledge is needed, which may be comprised of an 
event ontology, a context and a situation model. Scalability is another general 
requirement that applies to SAR, as the ability to cope with and extract valuable 
information from a “burst” of events, is imperative for detecting interesting situations. 
Finally, since our platform will be federated, it is important to detect global situations 
across the several service busses (i.e. Distribute Service Bus).  

Since, SAR will be the dedicated software component to suggest changes 
(adaptations) of services’ configurations, it needs to leverage domain knowledge for 
processing contextual information (e.g. preferences) of services and for analyzing 
service composition information (Fig. 2 - “Service Analyzer”). SAR also needs the 
ability to comprehend semantics carried by events, reasoning event semantics with 
service information, in order to detect relevant situations or trigger situational 
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transitions (Fig. 2 - “Situation Awareness Module”). By acquiring all of the above it 
will detect and define appropriate service adaptation solutions as timely answers to 
situations that dictate reactions (Fig. 2 – “Adaptation Recommender”). Regarding 
DSB, SAR needs subscription/unsubscription capabilities from event sources, in 
response to situation transitions, as well as query capability to event storage for past 
events and historical service data in order to identify similar past cases 
(“Collaborative Filter”).  
 

 

 
Fig. 2. SAR: Conceptual View 

Service Adaptation Recommender (SAR) is considered as a core part of our 
platform and aims to provide recommender services for reacting at the right time and 
in the right way. Service Adaptation Recommender (SAR) will suggest changes of 
services configurations in order to overcome problems or improve service 
performance by: 

• retrieving and analyzing service preferences/context (“Service Analyzer”)  
• analyzing service composition information (“Service Analyzer”) 
• deducing the situational model for the service using its semantics, 
composition, and preferences (“Situation Awareness Module”) 
• defining where in process flow we might need an adaptation (“Adaptation 
Pointcut Detector”) 
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• evaluating and defining several alternative solutions of adaptation based on 
service adaptation strategies (“Adviser”) 
• identifying and recommending and storing service adaptations as reaction to 
a current situation (“Adaptation Recommender”) 
• exploiting collective intelligence by deriving adaptation recommendations 
based on previous ones in similar situations (“Collaborative Filter”) 

Service Adaptation Recommender (SAR) will be Java based software component 
that will depend on the events acquired from our federated platform along with their 
semantics and the contextual information gathered from the related services. SAR’s 
recommendations may include: removal of a problematic service, replacement of an 
underperforming service, addition of a new service, alteration of the process flow. 
Specifically, based on recognized situations, SAR will be able to define adaptation 
pointcuts (points in a service flow that need to be adapted) and advices (what to adapt 
and how).  
 In figure 3 a number of provided and required interfaces are given for SAR. 
The provided interfaces include setting and/or retrieving permissions to resources 
(events) for each service, receiving events from Event Cloud (this is the callback 
interface for Event Cloud) and sending adaptation recommendations to service 
administrator. The required interfaces include subscribing to / unsubscribing from 
events from the Event Cloud, querying Event Cloud for past / stored events and 
retrieving service preferences. 

Fig. 3. SAR’s Component Diagram 

23



4   Related Work 

Recently, there has been a significant paradigm shift towards real-time computing. 
Previously, queries against databases and data warehouses were concerned with 
looking at what happened in the past. On the other hand, complex event processing 
(CEP) is concerned with processing real-time events, i.e., CEP is concerned with what 
has just happened or what is about to happen in the future. Complex event processing 
is a very active field of research and is being approached from many angles [6]. 
Distributed complex event processing approaches circumvent resource limitations by 
taking advantage of pre-existing (shared) or dedicated network infrastructure. The 
Padres system [7] is such a distributed approach relying on a pre-existing network of 
brokers. A broker may be an end-point for publishers (event sources) and subscribers 
(event sinks) to access the network. More importantly it is the task of the brokers to 
match events to the available subscriptions. The set of all interconnected brokers 
forms an overlay network across the underlying infrastructure. A drawback of Padres 
is the event pattern language used in its subscriptions. It is limited to handle only key-
value maps for events and the set of event operators is very limited, for example, 
temporal relationships between events cannot be expressed declaratively but must be 
expressed on a timestamp-arithmetical level.  

S-Cube [8] as the most prominent Network of Excellence in service adaptation, 
points out the evolution and adaptation methods and tools as keys to enable service-
based applications (SBAs). Following the S-Cube’s terminology, the term adaptation 
refers to the modification of a specific instance of a system during run-time (e.g. re-
execution of a unavailable service or a substitution of a unsuitable service). 
Nowadays, several efforts that try to cope exactly with this issue point to Aspect-
Oriented Programming (AOP), as a novel way to weave alternative actions in 
business processes at run-time. AOP has been proposed as a technique for improving 
the separation of concerns in software systems and for adding crosscutting 
functionalities without changing the business logic of the software. One of the most 
recognizable approaches for service adaptations using AOP is the work in [9] where 
the AO4BPEL is introduced. AO4BPEL is an XML-based language that creates a 
wrapper around the BPEL and has the ability to weave aspects at runtime to business 
processes. Aspects consist of one or several pointcuts and advices. AO4BPEL is 
based on XPath [10], which is used to select activity join points (i.e., points 
corresponding to the execution of activities) and internal join points (i.e., points inside 
the execution of activities such as the point where the outgoing message of an invoke 
activity is generated). An advice is the new behaviour to be included at a join point 
and contains the new code to be executed. SAR will use and extend such AOP based 
approaches for semantically and dynamically weaving changes in service based 
systems. 

5   Conclusions 

We presented a novel approach for large scale, context-driven and quality-aware 
distributed event processing and we focused in the conceptual view of a service 
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adaptation recommender for coping with the challenges of rapidly changing 
distributed service based systems.  

This research has been performed in the scope of a research project the vision of 
which is to develop and validate an elastic and reliable architecture for dynamic and 
complex, event-driven interaction in large highly distributed and heterogeneous 
service systems. Such architecture will enable ubiquitous exchange of information 
between heterogeneous services, providing the possibilities to adapt and personalize 
their execution, resulting in the so-called situational-driven adaptivity. We plan to test 
and validate our platform and specially its situational driven reaction capabilities, in a 
nuclear crisis management scenario and in a smart taxi service system. Both these use 
cases are characterized by dispersed event sources and are considered to create 
dynamically changing environments that dictate for distributed event processing and 
service adaptations.    
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Abstract. In order to participate effectively in the development activities, 
FLOSS community members need to understand who is working on what in the 
community and how their work affects other community members. Current 
approaches focus on managing information integration, but not active 
interaction (coordination) between information sources and sinks. In this paper 
we propose an approach to improve FLOSS coordination by maintaining 
awareness of community activities through real-time, personalized, context-
aware notification. We propose in an active collaboration platform, i.e. a virtual 
actor would interact with other developers, process and recognize various kinds 
of interactions; suggest actions on the basis of these and remember and bring 
past interactions into the developers’ attention, thus enabling developers to 
work better together. 

Keywords: Event processing, FLOSS, collaboration 

1.  Introduction 

Large scale software development is an inherently collaborative, team based 
process, and hence requires coordination1 [3] and control in order to make it 
successful. The advent of global distribution of software development has made 
managing this collaboration more difficult due to various reasons including physical 
distance, differences in time, cultural differences etc. Although research on global 
software development argues the use of communication technologies (e.g., e-mails) 
to alleviate problems caused by separation of workers in time and space, studies have 
often found them to be not as effective as publicized [7]. The main problem is that, in 
order to enhance coordination, communication2 must be efficient3 (i.e. timely and 
clear) and effective4 (i.e. targeted)  

                                                            
1 Coordination is the act of integrating each task with each organizational unit, so the unit contributes to the 

overall objective  
2 Communication is a mediating factor affecting both coordination and control. 
3 Communication is efficient, if information is moved in timely and cost-effective ways and without any 
barriers except those considered necessary for good coordination. 
4 Communication is effective if information reaches people who can make productive use of it. 
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In free/libre open source software (FLOSS) development projects the complexity 
of managing coordination is multiplied [1]. The reasons are manifold.  

First, FLOSS communities use a variety of communication tools, including 
mailing lists for technical discussions and support, a bug tracking system for 
monitoring and fixing bugs, a CVS code repository for storing a common version of 
the source code. This makes the information pull very heterogeneous, distributed and 
not well-linked on the basis of its content [2]. Additionally, information and 
interactions relating to a bug could be located in multiple artefacts with no links. 
Consequently, a duplicate bug could be filed.  

Next, FLOSS communities are very communication-intensive. For example, there 
are about 100 active KDE mailing lists, which accumulate about 1400 messages a 
day. The vast amount of information which is a result of their interactions/ 
communication causes a kind of information overload. There is a lack of coherence 
that hinders developers in making sense of communications from others, or that 
produces unintended information filtering or misunderstandings.  

Finally, many teams are largely self-organizing, without formally appointed 
leaders or indications of rank or role, raising the question of how the work of these 
teams is managed. In fact, deciding what features should be integrated in the release 
of the software, when and how to empower other code maintainers, or to find most 
“suitable“ developer for fixing a bug, etc. is a challenge and inevitably introduces 
delays in development. Additionally, FLOSS developers can autonomously decide 
how and when to contribute to project development. They go through the bugs posted 
on the bug tracking tool, looking for bugs they can fix. Consequently, a bug could be 
kept by someone without expertise in the area of the bug, which results in delays- 

On the other hand, the quality of the open-source software development process 
depends very much on when and what is available. For example, if developers do not 
know in the right moment what others are doing and whether it is necessary to react 
on, they might be afraid of working on a part of the system for which they are not the 
only responsible, with the purpose of avoiding conflicts and/or incompatibilities. A 
lack of common knowledge about the status, authority and competencies of team 
participants can be an obstacle to the development and results in delays. 

Therefore, in order to participate effectively in the development activities, FLOSS 
community members need to understand who is working on what in the 
community and how their work affects other community members. This 
knowledge has to be collected in real time, as it is created. Such knowledge allows 
people to coordinate work effectively, anticipate other members’ actions, discuss 
tasks and locate help [4]. 

In this paper we propose an approach for improving collaboration between open 
source developers. The approach is based on context-aware notification, event-driven 
processing and real-time interactions.  

The paper is structured as follows: In section 2 we identify research challenges for 
improving collaboration among developers during bug resolution process. The 
requirements for an active collaboration platform have been discussed in section 3. 
The conceptual architecture of the proposed system is introduced in section 4. Section 
5 contains concluding remarks. 
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2. Research challenges 

In this section we discuss research challenges in improving collaboration in bug 
resolution. We focus on the bug resolution activity, since bug resolution is one of the 
most difficult software development activities and yet crucial to the quality of the 
software produced. Developers should feel more free to fix a bug, because they know 
whether they are the most knowledgeable for resolving a bug and that they will be 
informed in case of potential conflicts as they happen (i.e. in real time). In the same 
way, bugs with possible side effects (e.g., duplicates) can be early spotted and tedious 
conflict prevented.  
The following challenges have been identified: 
1. Awareness – We distinguish between task-oriented and social awareness. Social 

awareness focuses on humans (their actions, presence, context etc.). Task-related 
awareness focuses on artifacts (different types of changes in and to them, 
including creation and deletion; who has made the changes, consequences of the 
changes etc.) The objective of the awareness mechanism is to help developers to 
perceive on-going artifact changes and coordinate actions to minimize the 
development effort. 

One of most challenging scenarios for task awareness and at the same time, a 
long-awaited feature for many development teams is bug duplication detection. 
Duplicated issues are a serious time drain, since the amount of effort spent to 
attend and resolve every issue submitted to the project is by no means negligible. 
For example, as of February 1, 2006, duplicate reports made up 36% of all 
reports in the Firefox repository, 17% of Eclipse Platform reports, 14% of 
Apache 2.0 reports and 13% of Fedora Core reports. These percentages 
correspond to large numbers of reports: 14159 for Firefox, 9181 for the Eclipse 
platform, 422 for Apache 2.0 and 4792 for Fedora Core [8]. There exists no 
automated means (actually, not even any kind of tool) facilitating the 
identification of issues that have been already submitted to the project. There is a 
need to filter out information from different sources (in particular, starting with 
the BTS), looking for possible duplicated issues, highlighting them for further 
inspection by team operators/developers.  
Additionally, similarity detection5 with former bugs should be also supported. 
The idea is to look for common patterns between new submitted issues and 
previously solved/closed issues, looking for similarities (same keywords, same 
severity level etc.). The point here is recovering the approaches followed to 
address similar past issues that can be also useful to address current ones. 

2. Communication – Developers participate in the open source community based 
on their understanding of the semantics of the community (who talks to whom, 
who does what, who knows about what), the content (which bugs fix which 
code, how does the code structure fit together, why was this code implemented 
this way) and the interactions (who said what, who did what).  

It is necessary to make the community semantics more explicit since it 
would enable new community members to make use of it without having to 

                                                            
5 A similar bug is a bug that is a generalization, specialization or is dependent of another bug 
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acquire it gradually. The “old” community member could also profit from cross-
links between distributed, heterogeneous information. Making people’s semantics 
accessible to machines allows them to process the community archive, mine it, 
use and present information to the community in a much more intelligent and 
contextually-appropriate manner than is currently taking place. For example, it 
would be useful to find “tips of the day”, showing recommendations about 
interesting pending bugs (most critical, those with the oldest submission times, 
those affecting most critical modules, etc.). The information that will be shown as 
well as the way it will be shown should be personalized and context-aware, 
which will result in additional expressive power, flexibility and usability.  

Additionally, in order for a developer’s conception of on-going work in the 
FLOSS to be continuously updated, relevant information should be updated as a 
change happens. Notifications are currently often triggered by developers, e.g., 
via emails or message on discussion forums. As this way of notification is often 
costly and unreliable, the system should support an effective tool-based 
notification, which promises to reduce the communication effort. For example, 
subscription functionality would provide a service for developers and maintainers 
to subscribe themselves to streaming feeders notifying about bugs meeting 
certain criteria (e.g., matching some keywords, submitted under a certain 
category/severity level or even detection of bottlenecks, i.e. high number of 
critical/urgent bugs related to a class). 

3. Task assignment – The community has collective responsibility for fixing bugs, 
no person is explicitly assigned to any bug [2]. Every now and then, for 
example, before a software release, people will go through the bugs posted on the 
bug tracking tool, looking for bugs they can fix. This places the burden of 
finding bugs that can be fixed squarely on the people who can fix them. Thus, 
there can be a long delay before the bug gets to the attention of developers who 
can fix the bug.  

Following a (functionally) similar approach to that found in some online 
shopping stores (remarkably, Amazon.com), it is necessary to act as a bug 
advisor. It should offer an add-on service that would recommend to a certain 
member of the development team which issues have the highest probability of 
being of her/his interest, based on previous bug-tracking history for that 
developer, maybe complementing that information with feedback from the own 
member, fields of interest/expertise in her/his profile, etc. 

In the rest of this paper we describe the requirements for and the conceptual 
architecture of ALERT system that realizes the previously mentioned challenges.  

3. Requirements 

The efficient modeling of coordination has been already recognized as a useful 
means for improving work in open source development teams. According to the 
recent literature [5], the coordination in a virtual team critically depends on the 
possibility to respond in a coordinated fashion to urgent, high stakes, and/or novel 
task demands. This finding calls for, so called implicit coordination [6], based on the 
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idea of early warning, that will induce discussions and that will lead to auto-
coordination. There are four main steps in this process, inspired by Observe-Orient-
Decide-Act (OODA)6 Loop model of human cognition: people observe a 
SITUATION, then orient themselves in the corresponding CONTEXT, decide about 
ACTIONS and act7. 

As the goal of the ALERT system is to improve coordination in the context of 
FLOSSD by increasing the awareness and responsiveness of the developers and 
enhancing decision making, this can be done through supporting a four-phased 
process Observation, Orientation, Decision, and Action, inspired by human cognition 
and presented in Figure 1. 
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Feed
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Figure 1: OODA model 

 
Thus, the technical requirements for ALERT can be gathered by analyzing the OODA 
cycle. In following we discuss very briefly these phases, by emphasizing major 
challenges in order to get requirements for our technical architecture:  

 Observe phase: 
o Task:  Scan the environment and gather information relevant for the 

task at hand.  
o Challenge: Major problem is related to managing awareness of 

developers: they are usually forced to get information on their own 
o General Requirement: automatic acquisition of relevant 

information:  
 ALERT system will monitor open source environment and 

enable proactively alerting (i.e. notification) of developers 
only about aspects relevant for their work.  

 Orient phase: 
o Task: Orientation is how we interpret a situation based on 

experience, new information, analysis, synthesis, etc. That is, 
orientation helps to turn information into knowledge.  

                                                            
6 http://en.wikipedia.org/wiki/OODA_loop 
7 “However, the real reason why most people make bad decisions is that they often fail to place 

the information that we do have into its proper context. This is where "Orientation" comes in. 
Orientation emphasizes the context in which events occur, so that we may facilitate our 
decisions and actions. That is, orientation helps to turn information into knowledge. And 
knowledge, not information, is the real predictor of making good decisions.” 
http://www.nwlink.com/~donclark/leadership/ooda.html 
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o Challenge: Major problem is capturing the right context after 
observing an interesting situation in order to enable a proper 
reaction. A common cause is the so-called information overload, i.e. 
users are faced with lots of irrelevant information around them. 

o General Requirement: Put information that will be extracted from 
the environment in its proper context, so that for every observation 
the right interpretation can be found. 

 ALERT will emphasize the context in which information 
occurs by making community semantics more explicit. 

 Decide phase: 
o Task: Consider available options and select a subsequent course of 

action. 
o Challenge: Usually there are many activities that can be performed 

in a situation and deciding what to do is a major challenge.  
o General Requirement: Intelligent support for the decision making 

process that will take into account user and task specificities. 
 ALERT will provide active usage of knowledge by 

suggesting most-appropriate, task-specific actions for a 
particular user. 

 Act phase – Carry out the conceived decision.  
o This is out of scope of ALERT as actions have to be done manually. 

 
Once the result of the action is observed, the cycle starts over. Hence, it is a loop. 

Thus, the loop is actually a set of interacting loops that are kept in continuous 
operation. The faster and the better the four steps are done, the more enhanced 
coordination is. 

4. Conceptual architecture 

The requirements identified in the previous section are summarized in Figure 2. 
ALERT system has to expose (cf. Events and Information in Figure 2) personalized 
awareness and coordination information (cf. context-aware notification) in order to 
derive knowledge (cf. semantic interpretation) and provide active support (cf. 
intelligent services) for developers who are actively managing work and social 
dependencies in the open source community. 
In the following we are elaborating more on the requirements for each of these 
phases. These requirements are summarized in Figure 3: 

 Observe – Create awareness:  
First of all, gathering (and the display) of data should be disruptive and 
performance of the original system must not be affected. Secondly, in 
order to “point out” other’s activity in an effective way, the delay between 
collection of the data and the relative notification has to be as close as 
possible to real-time (considering network latency). This requires “sensing” 
interesting information proactively (cf. Module Sensors in Figure 3). 
Additionally, the collection of data has to be transparent to the user (no 
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extra effort must be needed), yet does not have to be invasive (the user does 
not have to feel “spied”, otherwise he/she will neglect the use of the tool). 
Information collected should possibly be fine-grained both in terms of 
temporality (where capturing every action made is more precise than 
grouping them) and granularity of entities (where “method x has changed” is 
more precise than “file y has changed”).  
From the notification point of view, only users who are interested (Module 
Notification Patterns) in the collected information should be notified 
(Module Notifier). Additionally, users should be informed in a natural way: 
not disturbing, but noticeable and clear. Views (Module Services – 
Visualization) should display activities of other users in an efficient way and 
only relevant information should be presented. 

 Orient – interpret, understanding communication: 
It is necessary to exploit and integrate already existing information. FLOSS 
community makes use of various kinds of artifacts: Web-based forums 
(Forums), chat rooms, a bug, issues and patches tracker, a source code 
repository and change tracker (CVS), source code documentation, etc. To 
enable the appropriate interpretation of this information, it is necessary to 
exploit an explicit representation of the semantic connections between 
community artifacts (Module Ontologies). This includes generation of 
metadata about various community artifacts as well as creation of cross-
links between them (Module Knowledge Extraction). We cannot expect 
humans to create and link metadata, so intelligent approaches to gather 
semantics semi-automatically is needed. 
Additionally, there is a need to formalize informal knowledge which is 
highly personal, making it difficult to share with others. As it is embedded in 
individual experience/expertise which is continually changing, it is necessary 
to construct and dynamically modify developers’ profiles (Module Profiler). 

 Decide – support usage, automatic assignment:  
The successful identification and extraction of critical knowledge does not 
ensure its daily use. It is therefore crucial to provide developers with means 
for usage of this knowledge, i.e. action-oriented services that can take 
appropriate actions on the basis of the interpretation of knowledge and the 
current user activity. Firstly, developers needs mechanisms to facilitate the 
search for useful knowledge, particularly knowledge that they may not 
realize exists (Module Services – Search). In addition, since developers are 
often too busy to look for knowledge, proactive services must be provided, 
actively reminding developers of existence of helpful knowledge. While 
knowledge search is a user-initiated search, knowledge recommendation 
has to be initiated by the system, without requiring the user to explicitly 
formulate a query (Module Services – Recommendation). Next, different 
visual representations are needed in order to improve transfer of knowledge 
between the developers (Module Services – Visualization). Indeed, various 
aspects of knowledge need to be visualized in order to enable developers to 
understand them properly (from different perspectives). Finally, in order to 
ensure automatic intelligent decision making, a complex-event processing is 
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needed (Module Services – CEP). This helps automate intelligent responses 
to various events and discover parties interested in such complex events. 

 
Figure 2: Challenges of the OODA model relevant for ALERT 
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Figure 3: ALERT’s response to the OODA requirements 

 
Based on these requirements we have designed the conceptual architecture of the 
ALERT system as depicted in Figure 4. 
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Figure 4: Conceptual architecture of the ALERT system 

 
The conceptual model of ALERT is based on the approach that information about 

cooperative actions that are relevant for the awareness can be captured through the 
generation of events. Events are generated by sensors that are associated with actors, 
tools, or any other objects that constitute or influence a cooperative environment.  

The reception and generation of activity events is enabled through the realization 
of lightweight sensors. Different sensors should be provided by the infrastructure for 
the integration into other applications, such as artifact change notifications, or 
information monitoring agents. Additional sensors should be realizable without a 
large effort. ALERT will provide sensors for many structured sources (e.g. issue 
tracking systems) and unstructured sources (e.g. discussion forums). 
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After creation, an event is transmitted (i.e. published) to the interaction highway. 
The notion of interest profiles is introduced as a method to specify the awareness 
information someone is interested in. Thus we have adopted that notion and concept 
for the event distribution and notification method of the ALERT environment. 

Another important task of this highway is enrichment of event information. Event 
information is interpreted by using background knowledge relevant to bug resolution 
activity. It requires an ontology that describes the structure of the project and 
provides a basis for determining how artifacts are related as well as its knowledge 
base which does not replace existing sources, but to help augmenting and leveraging 
the existing information. ALERT provides two ways for creating knowledge base: 

- Off-line knowledge acquisition (acquisition of existing knowledge): 
Potentially useful knowledge already available in existing systems will be 
made accessible. Information extraction and data mining methods will be 
used to capture semantics for structured and unstructured sources 
respectively. 

- On-line knowledge acquisition (acquisition of new knowledge): Knowledge 
base will be continuously updated as ALERT will collect artifact change 
information from all existing sources. Change information will be grouped, 
classified and filtered to reduce a possible cognitive overload. 

ALERT will support distributed team members in providing and receiving 
awareness information on the task-oriented progress, but also on the social activities. 
This will be realized by dynamically capturing developers’ profile and clustering of 
developers based on their profile.  

Event information semantically enriched and interpreted in the context of the 
knowledge base will be used to trigger not only developers but also some advanced 
services that will be provided by ALERT.  The ALERT collaboration platform will 
have two layers of services: The top layer will consist of task-specific services 
which help developers perform tasks by formulating information needs and resolving 
these needs through querying, matching, visualizing, reasoning with and exchanging 
information with other services. The effectiveness of such collaboration platform will 
increase exponentially as more services become available. The bottom layer will 
consist of information-specific services which provide intelligent access to a 
heterogeneous collection of information sources. Different “combination” of these 
services will alleviate the task assignment process: By matching the actual task (i.e. a 
new issue) and expertise of developers it is possible to create chance encounters. 
These encounters support core developers in finding “coworkers” with required 
expertise for a given task and thus can facilitate a task assignment process. 

5. Conclusion 

In this paper we described the ALERT system that will improve FLOSS 
coordination by maintaining awareness of community activities through real-time, 
personalized, context-aware notification. Additionally, instead of being a passive 
participant in all open source processes, it could be possible to have an active entity, 
a virtual actor, working alongside the developers. The ALERT system will act as an 
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an active collaboration platform, i.e. a virtual actor would interact with other 
developers, process and recognize various kinds of interactions, suggest actions on the 
basis of these and remember and bring past interactions into the developers’ attention, 
thus enabling developers to work better together. 
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